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In the following pages we give some zoological descriptions

of certain new genera and species of Blastoids \vliich have
come under om' notice during the preparation of our joint

memoir on the group. Wepropose in this memoir to limit

our zoological work to the British species* only, though this

is l»y no means the case with our morphological researches.

These have led us to establish three new genera for some very
singular types, which are described in the following pages, as

they do not occur in this country. Their morphology will

be discussed in full in our larger work, with the aid of the

beautifid figures which are being prepared by our friends

Messrs. C. Berjeau and P. Highley.

* A revision by competent liands of the American species of Blastoidea,

like that of tlie Pala3ocrinoidea wliicli is being so ably conducted by
Messrs. Wachsnmtli and Springer, is a very great desideratum. \\'e have
attempted in vain to \vork out the synonymy of many so-called species,

owing to the want uf material or of satisfactory descriptions and ligures.

The so-called Codu-itcr pnlcJielliis of Miller ^^.ud iJyer (.lourn. 'Jincinn. Sec.

Nat. Hist. 1878, i. p. oo) is a case in pi/Jbt. "'here is no mention of
hydrospiral slits in the specific diaiinosis ; noi are any shown in the figure

;

and we cannot help suspecting that this species represents a typo very
dift'erent from the original Cudaster of M'Co}-.

Ann. & Mag. N. Hist. Ser. 5. Vol. ix. 10
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The basis of the classification whicli we have been led to

adopt is tlie morphology of the hydrospires and of their ex-

ternal openings, the so-called spiracles. We find that the

structure and distribution of these organs, together with the

arrangement of the various elements comjiosing the amb.ulacra,

present characters of much systematic value.

Besides discovering various new generic types, both British

and foreign, we have been led to form entirely new concep-

tions of some of the already existing genera, e. g. Oroplto-

crimis [Codonitcs] and Granatocrinus
]

while we are able to

give more precise definitions of Troosiocrinus and of Tricoclo-

crinus than have hitherto been attemptetl.

In order to facilitate the comprehension of our specific

descriptions, Ave give the following explanation of our termi-

nology :

—

The plates forming the calyx are the basals, radials or fork-

pieces, and the deltoid pieces or orals *.

In Codaster trilohatus and in the more flat-topped American
species of the genus the middle line of each oral is occupied

by a more or less strongly marked ridge, the oral ridge. But
in other species of Codaster and in the allied genus Plueno-

schisma this ridge is represented merely by an edge, from

which the sides of the orals slope sharply downwards towards

the ambulacra. This oral ridge is often very prominent at

the central ends of the oral plates of Pcntremites^ so as more
or less completely to separate the proximal ends of the passages

which lead to the hydrospires of adjacent ambulacra.

In most Blastoids each radial is more or less fork-shaped,

the hcindle of the fork being the body of the radial (which is

separated from the basals by the hasiradial suture), while the

two prongs are the limhs. Ijctween tliem is the radial sinus,

which is occupied by the ambulacrum. This terminates in a

more or less prominent "
/?};

^' on the upper edge of the body
of the radial f

.

Of the ambulacral structures which together fill up the

* As lar as we can jutlg-e from various passages on pp.12 and 13 of

tlie ' Eevision of tlie Palseocrinoidea ' by Messrs. Wachsmiitli and
Springer, tliese anthors seem to hold the same view as -vve do respecting-

the homology of the deltoid plates of the Blastoids -vvitli the " consoli-

dating phites " of Cyathocrinits and the orals of the Peutacrinoid. But
they make no definite statement to this effect.

t According to Messrs. Wachsmnth and Springer, "The lower part of

the forked p] "" +o the sr^hulacriim is the first radial

—

in Blastoido-

irimis, the oh. .v'nlJlastoid, the ,<utnre is visible —and the two sides

of the fork, i bemg interradial, form together a second radial
"'

(Revision, \\'e are sorry that we cannot agjee with the American
pali;eontolog..-.is in this view. "NVe have nnfortnuately been unable to
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radial sinus to a greater or less extent, the most important is

tlie lancet-plate, wliicli is excavated lengthways by the food-

groove or ambulacrum proper. Upon or against it rest the

side plates (pore-plates, litt.)^ which thus conceal it more or

less completely ; they are marked by minute pits, from

which delicate grooves slant outwards towards the marginal

pores. The latter are unconnected with the pinnules, which
are arranged in a single or double row at the sides of the

ambulac]-a. Their bases are apparently inserted into the

above-mentioned pits ox jjinnule-sockets. In many species the

distal edge of each pore is bounded by an outer side plate

(supplemental pore-plate, Hit.).

Between and more or less beneath tlie ambulacral fields are

the interradial systems of lamellar tubes or h^drosjn'res. The
openings of these tubes directly on the ventral surface of the

calyx, as in Cadaster and Phanioschisma, are the hydrospire-

slits. When these organs are concentrated beneath the am-
bulacra, the gap between the edge of the lancet-plate and the

sides of the radial sinus is the hydrospire-deft ;
it leads down-

wards into the hydrospire-canal^ into which the hydrospires

open by their slit-like upper ends. The hydrospire-cleft is

much reduced and somewhat modified in the American species

of OropJwcrinuSj but is widely open in the European species,

especially in the Belgian ones, so as to expose some of the

hydrospire-slits. In Pentremites proper it is also wide, but is

bridged over by the side plates, between which are the Itydro-

sjnre-jwres. In Granatocritms and Schizoblastus the inner ^vall

of each hydrospire, /. e. that nearest the median line of the am-
bulacrum, is often carried upwards in certain parts of the

ambulacra towards the ventral surface. Here it appears as a

narrow plate-like edge between the lancet-plate and the side

of the radial sinus. Wehave seen this hydrosjnre-plafe very

distinctly in Schizoblastus melo and in some of the British

species of Granatocrinus [O. elJipticus^ G. derhiensis). It

bears a number of lateral processes, which meet corresponding

ones upon the sides of the radial sinus, so that the hydrospire-

cleft is represented merely by a row of pores alternating with

examhie any specimens of Blustoidocrimis, wliicli we only know from the

fio-ures of Billings and Schmidt. But Ave imagine the suture referred to

hv Wach.smnlh and Springer to be the suture between the radials and
ovalfi {oro-radial), just as is shown in the hypothetical figure given by
Billings (' Canadian Decades/ iv. p. 20), in whose interpretiition of the

calyx we entirely concur.

The form of the radials in the Mesozoic PhyUoc'-inm also indicates

clearly that the fork-pieces of the Blastoids are prir itively simple and
undivided.

16*
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tliese processes. The hydro.spire-]iores, therefore, are formed

without the intervention of any " ])ore-plates," which, for this

and otlier reasons, we prefer to call " side plates."

Tlie hydrospire-canals open externally bj the spiracles^

which are arranged at the summit, round the peristome ; they

may be either single {Granatocrimis) or paired {ScMzohlastus^

Troostocrinus) . The spiracle or spiracles of the anal inter-

radius may be confluent with the anal opening to form the

anal spiracle.

In the better-preserved examples of many American Blas-

toids the mouth and ])eristome are concealed beneath a vault

of minute irregular summit-plates^ any definite arrangement of

which is rarely traceable. This vault is sometimes continued

down tiie ambulacra by a series of tiny covering -plates ^ which
close in the food-grooves completely and convert them into

tunnels just as in recent Crinoids. In none of the Euro[)ean

Blastoids that we liave seen has any indication of these struc-

tures been preserved.

As some considerable time must still elapse before the pub-
lication of our memoir, we wish to direct the attention of our

fellow workers to one or two morphological points of interest.

In the ordinary Pentreniites the hydrospiral tubes beneath

the ambulacra extend alone; the entire length of the radial

sinuses and communicate with the exterior by the marginal

pores ; but in the little P.conoideus, Hall, and P. Koninclcianus^

Hall, of the WarsaAV limestone *, the hydrospiral tubes ap{)ear

to be absent from the terminal third of the ambulacra. 'J'lie

sinus is considerably shorter on the inner than on the outer

aspect of the radial ; and the hydrospiral lubes end abru])tly on
the inner face of the plate, while the ambulacra extend much
further towards the base of the calyx. Exaraj)les of both

species are common with the shell filled up by a foraminiferal

matrix, which thus forms a complete cast of its interior. This

may be readily exposed by the removal of the shell ; and it is

then seen that tlie length of the ambulacra externally is

greater than that of their internal casts. Wehave been un-

able to detect this peculiarity in any other species of Pentre-

mites, but we think it very probable that our American col-

leagues may be more fortunate. Sections through the u]:)per

part of the calyx of P. conoideus show that it possesses hydro-

spires constructed on the ordinary Pentreniites ty])e. Wehave
}iot, however, been able to obtain thoroughly satisfactory sec-

tions through tlie distal portions of the ambulacra ; but from

* We caiuicl help suspectiiij^' the identity of tlie^e twu .so-called

species.
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what we liave seen we think it possible tliat the hydrosplral

tubes may be continued onto the ends of the ambuUxcra actu-

ally within the substance of the radial plates. This is at any
rate the case tlu'oughout the greater part of the length of the

ambulacra of Triccelocrinus^ as we have found from sections of

1\ Wood/nani, and from the examination of some large

isolated radials Avhich may, we think, possibly belong to T.

ohh'quatus, Eomer, sp. We take this species to be an en-
tirely different one from that which was described later by
Meek and Worthen under the same name.

Some valuable observations have been recently made by
Messrs. Wachsmuth and Springer*, and by Dr. Hambachf,
on the structure of the ambulacra of the Blastoids. This is

more especially the case with regard to the subambulacral
canals, which were first discovered by Rofe in Oranatocrlnus
eJUpticus^ although their true nature was misinter})reted by
him ; for he believed the lancet-plate of this type (then re-

ferred to Pentremites) to consist of two lateral halves. As
Hambach has pointed out with respect to other sjjecies, this

does sometimes appear to be the case in worn specimens ; for

when the superficial portion of an ambulacrum has been re-

moved the canal within the lancet-piece (which was seen,

though misinterpreted, by llofe) is not unfrcquently exposed.

Wehave had the advantage of examining the whole of Mr.
Rofe's collection, together with many specimens of Granato-
crinus Noriooodi] and we are convinced that in Qranato-
criims, as we define the genus |, there is but one subam-
bulacral plate, the lancet-jjlate, which is pierced by a

longitudinal canal. Messrs. Wachsmuth and Springer §,
however, have described and figured the lancet-plate of Pen-
tremites as imperforate, but as resting on an underlancet-plate

which encloses a canal. Hambach ||, on the other hand, de-

scribes the lancet-plate of typical Pentremites (P.Jloreah's, P.

sulcatus, P. pyriforrnis, &c.) as "pierced through the centre,

in its whole length, by a very fine canal;" and we are in-

clined to think that he is right.

For although we agree with Wachsmuth and S])ringcr in

finding two subamulacral pieces in Pentreiniies, it seems to us

more probable that the canal should be in the upper or lancet-

* " Revision of the Pala}ocnnoidoa.— Parts i., ii.," Proc. Pliilad. Acad.
187U, 1881.

•j- " Contributious to the Auatoiiiy oftlie (ieuus Penfrani/es, witli De-
scriptions of new Species," Trans. St. Louis Acad. vol. iv. nn. 1, pp. l4o

IGO.

X Seejws^m.

§ Kevision, part i. pi. iii. tig. 5.
Il

Loc, cU, p 14'. >.
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piece than in the lower and mnch thinner nnderlancet-piece,

whicli we have also found in Orophocnnns [Codonites). The
former corresponds to the perforate lancet-plate of Granato-

crinus, which is the only subambnlacral plate figured, by
Wachsmuth and Springer in G. Nonvoodi] so that in this

respect our observations appear to be in accordance with

theirs.

According to Hambach* there is also " a longitudinal duct

or vessel resting in the concave furrow of {i. e. beneath) the

lancet-piece, and running from the apex of the ambulacra!

field to the summit, where it connects with a circular duct

(cesophageal ring ?) surrounding, on the interior side, the

central orifice or annnlus centralis.''''

But no mention is made by Hambach of the particular

s])ecies in Avhicli this second canal occurs —though, so far as

we can judge from the figure to which he refers in connexion

with the above passage, he appears to be speaking of a Pen-

tremites. In this case he must have seen canals both in the

lancet-plate and in the underlancet-plate of this type ; while

Wachsmuth and Springer have only seen the latter, and we
have only been able to make out the former, viz. tliat within

the lancet-plate.

Webelieve it to have lodged the radial water-vessel. In
Pentremites and Oropliocrinus^ which have two subambnlacral

plates, there is an opening at the proximal end of each ambu-
lacrum, between the edges of two adjacent oral plates and
the end of the underlancet-piece. It was first discovered and
figured in Pentremites by Waclismuth and Springerf, whose
observations we are glad to be able to confirm. In Granato-
crinns its distal side is incomplete, owing to the absence of an
underlancet-]Diece. The vessel contained in the canal within
the lancet-plate passed downwards through this opening on its

way to join an oral ring. By careful grinding down of the

summit of well-])reserved S])ecimens we have been able to

demonstrate the presence of this organ and its connexion with
the canals within the lancet-plates in the following species

—

Pentremites jiyriforniis and P. hurlingtonensis ^ Granatocrinus
Norwoodi and G. elUpticus^ ScJiizohlastus Sayi, Pentremitidea

d''ArcJiiacij Oro]iliocrinus inflatus and 0. steUifbrmis, and
Codasier trilohatus. Weventure to think that there can be
but little doubt as to its being the water- vascular ring ; but
we cannot say whether it is identical with the " circular duct
(cesophageal ring ?) " described by Hambach {, as his state-

« Lo(\ cit. p, 151. t Revisiou, part i. pi, iii. fig. 4.

\ Luc. cit, p. 151.
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ments about it arc somewhat obscure. He says that ho lias

been so fortunate as to obtaui this structure entirely from a

well-preserved specimen of Pentremites (i. e. Granatocrini/^)

Noricoodij but tluxt it is connected with tlie longitudinal duct

or vessel beneath the lancet-piece. As, however, no second

subarabulacral canal has been detected in this species cither

by Messrs. Wachsmuth and Springer or by ourselves, we
cannot help suspecting that Dr. llambach must have seen

the " longitudinal duct " in a Pentremites and the " circular

duct" in Granatocrimis Norwoodi] but, in default of further

information, we cannot absolutely identify this " circular

duct" with the oral ring described above.

Messrs. Wachsmuth and Springer* have suggested that
" the passage directly beneath the (ambulacral) held is pro-

bably the dorsal or axial canal [L e. of the Crinoid arm),

which by the inverted position of the arms became the inner

instead of the outer passage." We are not sure that we
quite understand Mr. Wachsmuth's theory of the ambulacra
of the Blastoids. If they represent tire inverted arms of a

Crinoid, surely the food-grooves ought to be internal and not

external. But if by this and similar expressions Mr. Wachs-
nuith means to describe a Blastoid ambulacrum as a Crinoid

arm partially bent upon itself, we are disposed to agree with

him.

It is probable enough that the Blastoids possessed a cham-
bered organ and axial cords radiating from it, as in the

Crinoids
;

but we do not think that these cords were lodged

within the lancet-plates or underlancet-plates of the ambulacra,

as supposed by Wachsmuth and Springer.

Wepropose to limit the name Pentremites to those Blas-

toids which resemble P. Godoni, Defr., P. sulcatus, llijmer,

and P. pyriformis, Say, in their structure and general appear-

ance. The ambulacra are broad and petaloid ; and in most
species the side* plates merely rest against the edges of the

lancet-plate, without covering any part of it. The central end
of each oral plate is flat and laterally expanded, with a more
or less marked oral ridge in the middle line tiiat divides it

into two lateral halves. Each arm forms the floor of a passage

leading along the lower part of the radial sinus over the upper
ends of the hydrospire-slits. It is converted into a canal (the

hydrospire-canal) by the side plates, Avliich arc Avedged in

between the lancet-plate and the side of the radial sinus.

Those nearest the centre may either meet one another over the

* Uevisiou, part ii, p. 3u (207),
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oral ridge or abut against its sides. So far as we are able to

judge from the material at onr disposal, the American species

of Fentrennfes are all similar to P. Godoni, and readily recog-

nizable as belonging to this generic type as defined above.

In 1857 Mr. Sydney S. Lyon* announced the discovery in

certain species of Pentremites of three small pieces situated

below the basals, which he considered to represent the true

basals ;
and heemended the formula of the genus accordingly.

This view was afterwards supported in part by Messrs. Meek
and Worthenf, wlio bore out Lyon's statement as to tlie pre-

sence of a dicyclic base in the calyx of Pentremites^ but re-

garded the lower series as supplementary basals rather than as

true basals.

Wehave given great attention to this important question,

and must confess that up to the present time we liave quite

failed to detect any plates which could be regarded either as

supplemental or as under basals. We cannot help thinking

that the plates so regarded are nothing more than the upper-

most stem-joint more or less modified. Indeed it appears to

us that Messrs. Meek and Worthen were themselves not alto-

gether clear on the subject ; for in the description of their

figures of Oroifliocrinus {Codonites) sfeUiformi's, 0. & S.,tliey

say :
—" Fig. 5, a. A side view of a small specimen, showing

the part under the base that has been, by some, supposed to

be in the Pentremites the true basal pieces, to be really only

some six of the upper joints of the column, anchylosed to-

gether and to the base "
\.

In the meantime we wish it to be distinctly understood that

we do not commit ourselves to either view, but leave the

question an open one for further consideration and investi-

gation.

Genus Penteemitidea, d'Orbigny, 1849
(emend. E & C. 1882.)

Pentremitidea, d'Orbigny, Prodrome de Pal. 1849, i. p. 102.

Pentremitidcea, d'Orbigny, Cours El^mentaire, &c. p. 139.

Gen. char. Calyx varying in outline from elongately

clavate-pyramidal to pentagonal obpyriform ; summit trun-

cate or convex ;
base usually long and conical. Number and

disposition of the plates similar to those of Pentremites proper,

but the orals inconspicuous, confined to the summit, and never

visible in a side view ; radial plates always strongly lobate.

* D. D, Owen's ^rd Report Geol. Survey, Kentucky, 1857, p. 4G8.

t Illinois Geol. Survey Report, 187.3, v. p. 4G4 (note).

\ hoc. cit. V. expl. of pi, ix. fig. 5.
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Ambulacra narrow in all but one species, not greatly de-

pressed Avithin the radial sinuses. Side plates lying actually

on the lancet-plate, and usually hiding it from view. Spira-

cles usually large, and, as well as the hydrospires, con-

structed like those of Pentremites. Anal aperture confluent

with the two spiracles at its sides, to form a common anal

spiracle.

Obs. The name PentremitldecC^ was proposed by D^Orbigny
in 1849 for two Devonian Blastoids from Spain, which he
believed to be peculiar in having a calyx composed of but

two rows of plates, the basals and radials. Romerf showed,
however, that the two species in question, P. Paillettij d'A.

& de Vern., and P. Schulfzii, d'A. & de Vern., are provided,

like other Blastoids, with the third row of plates or orals.

On these grounds, therefore, Pentremi'tidea has not been
adopted by later writers on this interesting class. It appears,

however, that P. Pailletti, in common with a limited number
of other forms, possesses peculiarities of calicular structure

which separate it at once from Pentremites as understood by us
;

and we propose, in consequence, to rehabilitate d'Orbigny's

name for such species.

It may be contended that an entirely new name would
have been preferable in this case. From the fact, however,
that d'Orbigny's types, although unknown to him, happen to

possess the chief points of structure on which we propose to

separate the genus from Pentremites^ we prefer to adopt his

name rather than unnecessarily burden science with a new one.

Pentremitidea has a more slender and elongate calyx than
Pentremites^ or else one approaching in outline to that of

Oro2jhocrimis. These apparently dissimilar forms possess, in

common, a slender base, narrow ambulacra, and oral plates

entirely limited to the suminit. The side plates of the ambu-
lacra lie directly on, and in a great measure cover, the lancet-

plates, except in one species. Such characters are diametri-

cally opposed to those of Pentremites^ when restricted (as we

* It may be well to state here that, in a pajier read at the York meet-
ing of the British Association in September I8S1, one of ns referred to
the g-enus Pentremitkled and to P. Paillctf i a^i having the hydrospiral slits

more or less concealed by the ambulacra, but partially visible at their sides.

Wehave since found, however, that a species presenting these characters
(which will be described under the generic name Phmiusclmma) has been
hitherto confounded with the true Penironitidea Pailletti, from th(> same
locality, which it somewhat closely resembles in external form.

This fact seems to have escaped the notice of the donors of these
fossils to the national collection, both types sharing in a commonlabels
" Pentremitidea Pailletti.'^

t ' Monographie der Blastoideen,' Berlin, 18.52, p. 49.
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]:)ropose tliat this name sliould be) to such species as P. Godoni,

Defrance, sp., P. sulcatus, Romer, and P. jyy^'^formis^ Say, &c.

Tlie variability of external form is perhaps as marked in

this genus as in any member of tlie Blastoidea. Two distinct

types are met with, the pyriform and chavate. Starting with

the type species, P. PaiUettl^ representing the former, we liave

in the one direction a gradual transition through P. lusita-

nica to the mucli more elongated calyx of P. Schultziiy with

its truncated summit and expanded ambulacra. In the other

direction we observe a gradual change in outline through

P. eifelensis to P. clavata and P. acatangula^ and so on to

the Orophocrinoid species P. angulata and P. similis.

The amount of truncation of the summit also varies consi-

derably. In P. Hclmltzii we see the limit of variability, the

summit being broad, flattened, and extending across the wliole

widtli of the calyx. The width of the summit is decidedly

less in P. Pailletti] again sunxUer in P. lusitanica, and still

more so in the aberrant P. angnhda and P. similis. Similarly,

the broader the summit the wider tlie ambulacra ; hence we
meet with tlie greatest development of this kind in P. Sclmltzii,

the ambulacra gradually becoming narrower in P. lusitanica

and P. Paillettij and reaching the limit in the same two forms

mentioned above.

As regards the more intimate structure of the ambulacra,

we may describe three exam])les. In the first of these, P.

ScJndtzii, the ambulacra are very wide, flattened, or a little

concave, and more or less deltoid in form. The lancet-plate

elongatcly petaloid, more markedly so than in most Blastoids.

The side plates abutting against it are fourteen on each side,

narrow, and oblong. The outer side plates are very small,

placed quite at the extremities of the side plates, and nearly

on the same level with thein. In the clavate and pyriform

types the structure is more or less similar, as, for instance, in

P. clavata and P. lusitanica. The side plates do not reach

the edges of the radial forks ; but the intervening spaces are

bridged over by the outer side plates, alternating with the

pores, which are very large.

Weare acquainted with the hydrosjiircs of only two species,

P. Hchidlzii and P. Pail/ctti, in both of wliich these organs are

eight in uuinbcr on each side of the ambulacra.

One of the most important features in Pentremitidea is

given by the oral plates, which, in consequence of their very

small size and close connexion with the summit, afford one of

the most stable characters of the genus. In most of the

species they arc quite inconspicuous, and cannot be distin-

guished except as formhig the dividing septum of the spira-
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cles. They are visible in P. lusitanica^ and again in P.

SchuUzn, but are of a much more elongated form in the latter

speeies.

The species we propose to place in Pentremitidea are the

following :

—

Pentremites Pailletti, d'Orb. Devonian ; Astm-ias.

P. Schultzii, d'Orb. Ditto.

P. acutangulus, Schultze. Devonian ; Eifel.

P. clavatus, Schultze. Ditto.

P. eifelensis, F. Romer. Ditto.

Pentrenntidea lusitanica, nobis. Devonian ; Spain

(? Asturias).

P. angidata^ nobis. Ditto.

P. similis, nobis. Devonian
;

Eifel.

Pentremitidea appears to be essentially a Devonian genus,

being altogether unrepresented in the Carboniferous rocks.

Half its known species occur in the Eifel, and the rest

in the Asturias. The fine collection of Mr. Wachsmuth
contains an unnamed Blastoid from the Upper Silurian or

Lower Devonian of Charleston, Indiana, which we cannot
distinguish from the Spanish Pentremitidea PaiUetti. So far

as we know at present, tliis is the only species of Blastoid

which is common to Europe and America. We think it

very probable that some of the more obscure American species

of Peiitremites Avill also have to be referred to this genus.

Pentremitidea lusitanica^ sp. nov.

Sj). char. Calyx clavate-pyriform, elongated, expanding
gradually upwards

;
peristome truncate ; base elongate and

pointed. Basal plates only a trifle shorter than the radials,

forming an elongated cup, the lower portion of each plate

bearing a strong central ridge, Avhich assists in the ornamen-
tation. Eadial plates rather narrow, elongated, and arched
from the lip downwards along the body. Three impressed
lines diverge from the lip, one to each infero-lateral ano-le

and one along the middle line. Kadial sinuses with sharp
erect margins, making an angle of about 134° with the trun-
cated peristome ; lips a little thickened and simply rounded.
Ambulacra elongately petaloid ; lancet-plates broad, almost
wholly filling up the radial sinuses ; side plates large and
oblong, their outer margins rounded, a1)out fifteen in number
on each side the ambulacra ; outer side plates narrow, bent
down at a much greater angle tlian the side plates. Surfjice

ornamented by fine close concentric raised lines parallel to the
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margins of the various plates, those on the lower portions of

the basal plates being of a peculiar V-sha])eLl pattern.

Ohs. This is a well-marked species, which may be at once

distinguished i\on\ Penlremitidea clavata^ Scliultze, P. acutan-

gula, Schultze, P. ScJiulfzii, de Verneuil, and the two species

next to be described, by the outline of the calyx. It differs

sharply from P. Pailletti, the type of the genus, in the lobation

of the radials, the smaller angle of inclination of the radial

sinuses, and in their shorter length. P. lusitanica to a cer-

tain extent resembles P. eifelensis^ F. E-omer, of which
Schultze has given a figure. Indeed, this species is its closest

ally; but here, again, the radial angle is quite different, and
gives to the Eifel s|)ecies the appearance of possessing a longer

and more curved sinus in each radial, and a very much less

breadth across the peristome.

Loc. and Horizon. Asturias, Spain ; Devonian (Mus. Nat.

History).

Pentremitidea angulata^ sp. nov.

Sp. cJiar. Calyx pentagonal obpyriform, enlarging upwards

to the distal extremities of the ambulacra, which are nearly

equatorial ; section decagonal, without re-entering angles be-

tween the ambulacra ;
summit small. Basal plates a little

less than half the length of the radials, forming a strongly

triangular cup, Vvith three prominent angles, one correspon-

ding to an interradius, the two others opposite ambulacra

;

surface of the plates between the angles hollowed out; base

of attachment for the column triangular. Radial plates elon-

gated, their surfaces in two planes which cut one another at

the equatorial line of the calyx : the upper, sloping away to

the summit, consists of the limbs
;

the lower, or the body

below the radial lips, extends to the basiradial sutures and

is hollowed out ; a median ridge passes downwards from each

lip to the basiradial suture, whilst the angle produced by the

union of the two planes forms the greatest periphery or

equator of the calyx. The lateral margins of the radial limbs

are not placed in depressions, but the line of union of every

two adjacent limbs forms a prominent angle of the calyx.

Radial sinuses very narrow and long, with prominent lips.

Oral plates quite apical. Ambulacra long and very narroAv,

maintaining almost the same width throughout their wliole

course ; lancet-plates nearl}- as wide as the sinuses ,• side

plates about twenty in number on each side of an ambulacrum,

short but broad. Spiracles close round the mouth; anal

spiracle with a prominent outer n)argin. Surface ornamented

in the usual way.
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Obs. This is a very interesting and peculiar species, rejire-

senting, with that next to be described, one extreme type of

the genus. The form of the calyx and the angulation of the

radial plates Avill readily separate P. cmrjulata from all the

described species. The abruptly clavate outline indicates an

approach to P. clavata^ Schultze ; but no other resemblance is

observable; whilst with P. shnilts (nobis), although after the

same general type, no definite comparison can be made.

There is a curious resemblance in external form between

Pentremitidea angulata and Plicenoschisma caryophyUatuM,

de Koninck sp., a member of a distinct genus that differs

altogether from Pentremitidea in its other characters. Pentre-

mitidea anyulata is the aberrant species of the one genus as

Phcenoschisma caryo^jliyUatum is of the other. Both agree to a

certain extent in outward form, and differ in this particular

from the other species of their respective genera.

Log. and Horizon. Asturias, Spain; Devonian (Mus. Nat.

History)

.

Pentremitidea similis, sp. nov.

/S^;. char. Calyx pentagonal ob]:»yriform, expanding rapidly

upwards above the basiradial sutures ; section strongly pen-
tagonal, the greatest periphery being nearer the summit than

the base; the latter is sharp, and the former depressed.

Basals forming a small slightly "expanded cup. lladials

arched, broad at their bases, expanding very slightly upwards
to the level of the lips, the limbs then rapidly decreasing to

the summit, and forming strong projecting lobes around the

calyx ; sinuses very narrow, straight, the angle about 134°.

Orals almost invisible. Ambulacra narrow.

Ohs. Although Ave are only able to give a limited definition

of this species, it is nevertheless sufficient to show how clearly

distinct it is from any other Pentremitidea. On the other

hand the resemblance of the calyx in general form to that of

an Orophocrinus^ especially that of the typical species O.stel-

Uformis, is very remarkable
; but here, of course, the resem-

lalanee ceases. The radial angle, the length of the ambulacra,
and the greater amount of calycular surface between their

distal extremities and the base of the calyx in P. simih's

separate it from P. clavata, Schultze, to which it is nearly
related. The form of the radial plates in P. anyidata, irre-

spective of other characters, at once separates the latter from
P.similis. The ]\Iessrs. Sandbcrger have described a peculiar

form from the llhenish Devonian rocks, which is much too

de])ressed a species to be confounded witli ours, even supposing
the former to be a Pentremitidea.

Loc. and Horizon. Eifel ; Devonian (Mus. Nat. History).
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Genus Pii.i:no«chisma, gen. nov.

Gen. char. Calyx elongately clavate or obclavate ; the

number and disposition of the plates and general composition

of the ambulacra similar to those of Pentremites. The oral

plates are very small, inconspicuous, and always confined to

the summit, where they arc either horizontally placed or in-

clined inwards. The radials bear three more or less distinct

folds diverging from the lips ;
and the two contiguous limbs

forming the anal side are more or less abortive. Radial

sinuses Avide and deep, generally with steep sides. Spiracles

as distinct apertures absent, the hydrospires opening externally

by a series of elongated slits with intervening ridges, distri-

buted in subparallel series on the sloping sides of all the

radial sinuses ; they are either both radial and oral or only

radial in composition ;
and being only partially covered by the

ambulacral plates, their distal ends (or even the entire length

of some) are visible on the sides of the radial sinuses. Lancet-

plate concealed by the side plates (in all but one species)
;

outer side plates very small. Anus a separate 0])ening, and
further removed from the summit-centre than in Pentrcrnik\s.

Column, when compared with the size of the calyx, larger

than in the last-named genus.

Ohii. Wehave established PhcenoscMsma for a small num-
ber of interesting species hitherto included in Pentremites.

The late Mr. E. Billings, in a remarkable article " On the

8trucrure of the Crinoidea, Cystoidca, and Blastoidea " *,

referred as follows to the peculiar structure of the ambulacra

in Pentremites caryojyhyllatuSj de Koninckf :

—

^' The ends of

the fissures of the hydrospires are seen along the sides of the

angular ridges, which extend from the apices of the pyramids:):

to the angles between the arms. I do not think that such

species can be referred to Pentremites ; and if I had specimens

before me instead of figures only, I would most probably in-

stitute a new genus for their rece])tion."

It affords us much pleasure to adopt the suggestion of Mr.
Billings by proposing the name PhcenoscMsma for Blastoids

possessing these characters. They differ from Petitrenn'tes in

four essential points of structure —the absence of true spi-

racles around the peristome, the presence of a distinct anal

* Anier. Jouni. Sc. 18G9, xlviii. p. SO.

t Billings seems to have merely copietl De Ivmiinck's %iiie of tliis

species (I.e. p. 79, fig. 11 >, "whicli is eiroueous iii that the direction of
the^e tissures is given from below the ambulacra outAvartls, whereas in

reality they are subparallel to the latter (see ' Crinoides du Terr. Carb.
Belgique/ i8'j4, t. 7. f. o, 5).

X I.e. the oral plates ( = deltoids of uuthurs).
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orifice, tlie oral plates being of inconspicuous size and con-

fined to the summit, and tlie marked cliange in the disposition

of the hydrospires and their method of opening externally.

In Pentremites it will be remembered the hydrospires are

situated internally immediately right and left of each ambu-
lacrum, then communicate above with the commonhydrospire-

canal, which opens externally by means of the pores ranged

along each side of the ambulacra, and also through the spi-

racles at the apex. But no ])art of the hydrospiral a])]:)aratus

is visible externally, the whole of it behig concealed by the

lancet-plate and side plates of the wide ambulacra.

In FhcenoscMsma, on the other hand, the radial sinuses are

much Avider and deeper than are those of Pentremites. The
lancet-, side, and outer side plates fail to fill them com-
pletely, and are confined, generally speaking, to the bottom

of the cavity of each sinus. The spaces so left uncovered,

consisting of the sides of the sinuses, formed by the inturned

edges of the radials and orals, but chiefly, and sometimes
wholly, of the former, are occupied by a variable number of

subparallel slits, which are in fact the openings of the hydro-
spires exposed to view. The slits near the bottom of the

cavities are the longest and most completely covered, and
those near the top of each sinus the shortest, the outer ones

being sometimes visible throughout their entire length. The
number of the slits exposed and the amount of their exposure

entirely depend on the relative size of the side and outer side

plates, and how far they extend in a lateral direction towards
the sides of the sinuses. In this way the hydrospiral canal

and true spiracles are dispensed with, the hydrospires com-
municating directly with the exterior without the aid of any
intermediate orifices.

P/uvnoschi'sma is allied to the genus Codastey, M'Coy, both
in the structure of its respiratory organs and also in the

absence of ambulacral pores. It differs, Iiowever, from
M'Coy's genus in the partial exposure only of the hydrospiral

slits, and in their presence in the anal intcrradius, as well as

in the four others. PhcvnoscMsma j in consequence, possesses

ten groups of hydrospires, whilst Codaster has only eight.

Further, the former genus has relatively smaller orals tiian

the latter, and it may possess outer side plates to the ambu-
lacra.

Ph(vnoschis)na differs from Oroi^liocrinusm the fact tliat the

ambulacra are nowhere in contact Avith the sides of the radial

sinuses, as in \o\\ Seebach's genus, and that the oral plates

never show in a side view of the calyx. To Pentremilidea

Pha'noscliisma stands in the same relation that it does to
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Pentremites^ except as regards the oral plates, which resemble

those of the former genus.

Spiracles, in the true sense of the word, do not exist in

Phcenoscliisma. At the same time there are visible in Ph.

acuturn^ Pliill. s})., some small openings at the central ends of

the ambulacra, which may serve as such, and coexist with the

exposed hydrospire-slits. They are imperceptible in Ph.

Archiaci, nobis, but are present to some extent in Ph.

can/ophi/Uatuni, de Kon. sp.

The species vary considerably in the amount of ex])osure

of the hydrospiral slits. In Ph. acution one slit is usually

visible for the greater part of its length, though it may some-
times be entirely concealed upon one side of an ambulacrum.
Ph. caryophyllatum shows one uncovered slit and the distal

ends of four or five others, Avhile in Ph. Archiaci two slits

are completely visible and four others partially so.

Finally, the exposure is carried to the greatest extent in

Ph. Verneinlt, nobis, which has the majority of its slits

uncovered.

So far as the genus is at present known to us, the form,

with one exception, is elongately pyriform. The abnormal
species is Ph. caryopJiyllatum^ whicli is a shorter, rounder,

and more depressed species than any of the others. Similarly

the ambulacra are narrow in all but this species, where they

become to a certain extent petaloid. Again, the side plates,

except in the same species, lie actually on the lancet-plate,

and not against it as in Pentremites. This is a feature which
is very characteristic of the genus Granatocrinus, and is again

seen in Pentreimtidea.

The retention of the small and incunspicuous orals at the

summit of the calyx, so that they are invisible in a side view,

is a very marked feature in Phamoschisma, and a constant

character tlu-oughout the genus. They are of larger size in

the aberrant Ph. caryoj^hyUatum than in any of the other

species. We have succeeded in exposing the watervascular

ring of this genus, and tind that it is of essentially the same
character as that of Pentremites^ Orojjhocrinus, and Granato-

crinus. It is perhaps a little smaller, and the canals leading

from the apertures in the lancet-plate rather longer.

The anal aperture varies in its character according to the

species. For instance, in Ph. Archiaci the contiguous limbs

of adjacent radials forming the anal interradius are shortened

and truncated, so as partially to surround the anus. In Ph.

acuturn^ Phill. sp., on the other hand, the cristiform aspect of

the other interradii is in no way altered in the anal inter-

radius, and the surface of the oro-anal plate is hollowed out

for the partial reception of the aperture.
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We propose to include the following species in the genus
Phenoschisma :

—

Pentremites acutus, Phillips. Carboniferous Limestone,

England.
Pentremites carj/ophi/llatiis^ de Koninck. Carboniferous

Limestone, Belgium.
Phxenoschisina VerneuUi, nobis. Devonian, Spain.
Phcenoschisma Archiaci^ nobis. Devonian, Spain.

Our researches have not disclosed the existence of the

genus during Silurian times
;

but it appears to have made its

first ap])earance during the Devonian period, as represented

bj the Devonian rocks of Asturias, Spain. Phmaoschisma
reapjjears in the Carboniferous Limestone of England and
Belgium, but, so far as we can ascertain, is unrepresented in

the American PaUeozoic rocks, unless Pentremites hentucki-

ensis, Shumard *, from the Subcarboniferous rocks near

Louisville, Kentucky, be referable to this interesting tjpe.

Phcenoschisma Verneuilij sp. nov.

Sj). char. Calyx elongately pyramidal, with a sharp-

pointed base and a hollow sunnnit excavated in the direction

of the rays. The ambulacra are separated by strong inter-

radial processes, each of which is formed by the union of the

adjacent limbs of two contiguous radials. Section distinctly

pentagonal at the distal ends of the ambulacra. Basal plates

forming an elongated cup about two thirds the length of the

radials and a little longer than the bodies of those plates.

Radial plates large, arched, with prominent lips, from which
three folds diverge downwards ; limbs long and projecting

above the summit, except the two contiguous ones forming

the anal interradius, which are flattened or depressed ; sinuses

very wide and deep, with high sloping sides. The four

similar oral plates very small, but the anal-oral larger and
diamond-shaped. Ambulacra linear, scarcely increasing in

width ; lancet-plate narrow, entirely concealed ;
outer side-

plates very small and triangular ; side plates from twenty to

twenty-five, apparently oblong ; liydrospire-slits from twelve

to eighteen, crowded together. Mouth small ; anus roundly

triangular. Surface ornamented by sharp striaj parallel to

the margins of the plates. A distinct border follows the

margin of each radial plate, defined by a faint groove.

Obs. Phatnoschisma Verneuili needs no comparison with

other species of the genus, except with Ph. acutuni^ Phill. sp.,

* Trans. St. Louis Acad. i. p. 239, t. Ix. f. 13.

Ann. & Mag. N. Hist. Ser. 5. Vol. ix. 17
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from wLi'cli it differs in size, in the elevated nature of its

interradii, and in its greater number of hydrospiral slits. As
regards form, PZi. T^erwf?«7/ represents one extreme moditica-

tion of the genus, and Ph. caryoplnjUatum another.

Loc. and Horizon. Asturias, Spain
5

Devonian (Mus. Nat.

History)

.

PJuvnoschisnia ArcMad, sp. nov,

Sp. char. Calyx clavate, becoming more pentalobate with

age. Tlie angles of the pentagon correspond to the distal

ends of the ambulacra ; and its sides are concave, not straight.

Base long and sharp ; oro-anal surface truncate. Basal

plates very long and slender, longer than the radials, expand-

ing very gradually into a small cup, the surfaces ornamented

with concentric stria? having two different directions. Hadial

plates small, lobate about the lips, projecting somewhat up-

ward, and obliquely truncate on their upper margins ; those

of the anal interradius are a little flattened. Surface somewhat
angular in the middle line from the lips down to the basi-

radial suture. Sinuses short, having a radial angle of about

130°, and somewhat petaloid. Orals confined to the immediate

neighbourhood of the mouth. Ambulacra short, a little peta-

loid ;
lancet-plate lanceolate, narrow, deeply triangular in

section ;
side plates few, six to eight or nine, oblong ,• outer

side plates triangular^ very small. Hydrospire-slits six on

each side, the sixth partially covered by the lancet-plate, two
only being entirely exposed when the side plates are in

position, Hydrospires in the form of long, pendent, slender

sacs. Mouth small ; anus roundly triangular. Surface of

plates ornamented with concentric striffi.

Ohs. Ph. Archiaci does not possess the elevated inter-

radial spaces of Ph. Verneutli, and is thereby distinguished

from it, apart from their differences in other characters. The
outline of the calyx generally, the form of the anal interradius,

and the general features of the ambulacra and hydrospire-

slits separate it from Ph. acuium. It is also unlike Ph. caryo-

pliyllaium, but may be said to be a transitional form between

the two former species and the latter. The ornamentation of

the basal plates is quite similar to that of a species of Pentre-

mitidea [P. lusiianica) , and might lead to a confusion of tlie

two species should the generic characters not be properly

attended to.

Genus CODASTER,M^Coy, 1849.

Cadaster, M'Coy, Ann. & Mag. Isat. Hist. 1849, iii. p. 250.
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Codasfcr vel Codonastei; M'Cov, Brit. Pal. Foss. 18-51, fasc. i. p. 122,

t. 3 D (expl).

Codonasfe)-, F. Romer, Wieginanu's Aicliiv fiir Naturgescliichte, 18ol,

xvii. Bd. i. p. 381.

Ohs. Without absolutely redefinino- Codaster^ we may say

that, on the whole, we accept M'Coy's definition as accurately

descvibino- the characters of the genus. Some few emenda-
tions and additions are necessary. For instance, the radial

plates (McCoy's suprabasals) not only " reach to the trun-

cated summit," but they are more or less inturned at the edge

of the summit towards the apex, so as to form limbs in the

usual way, which enclose narrow radial sinuses like those of

other Blastoids. Oral plates also are present, appearing as

diamond-shaped plates on the truncated summit in well-pre-

served specimens. Four of these bear along their median
line tlie " thick, rapidly tapering ridges " of M'Coy, which
are in no way an abnormal structure, but only represent the

crests of the orals (and sometimes the combined orals and
radials) of other genera.

So far as our own researches have gone, we have been quite

unable to detect the supplemental basals described by Mr. S.

S. Lyon * in any species examined by us. The " rough
parallel striai " and the '^ impressed lines " between them of

M'Coy appear to have been a great stumbling-block to the

earlier investigators of this genus. Lyon remarks, " the de-

pressed triangular intervening spaces are filled with seven or

more thin pieces lying parallel to the pseudambulacral fields,

articulating with the summit of the second radials, and the

prominent ridge lying between the pseudambulacra3. These
pieces were evidently capable of being compressed or de-

pressed "t- It is almost needless to observe that the view
ascribing to the hydrospiral grooves the nature of distinct

pieces is uq longer tenable.

In 1861 Prof. James Hall observed that the striated inter-

radial spaces of his Codaster Whitei " appear to be composed
of separate linear plates like the pectinated rhombs of the

Cystideans ; and in one place, where broken through, they

are seen to be discontinued almost to the inner face of the

substance, giving the appearance of numerous thin parallel

lamellae" J. These remarks may be said to have foreshadowed

the important discoveries which were afterwards made by the

late Mr. llofc, and published in 18G5. He found, by cutting

* D. 1). Owen's 3rd Kentucky Report, p. 493.

t Loc. cit. p. 494.

X Boston Journ. Nat. History, 18G1, vii. no. 2, p. 327..

17*
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thin sections for the microscope, '' that the ridges on tlie

striated interradial surfaces are the tops of a series of folds of

a thin test or membrane, the alternate folds being so united at

the ends as to form a series of long but very narrow sacs ;" and

he further suggested their respiratory cliaracter *. These

organs were called hydrospires by Billings f, who has con-

firmed Rofe's observations ; and after a careful examination

of Rofe's material, we are glad to be able to add our own
testimony as to the accuracy of his descriptions. The full

complement of hydrospires is deficient, as Mr. Billings has

very justly pointed out, by two sets, in consequence of one

interradius being completely occupied by the large vent +

;

there are therefore eiglit sets, instead of ten as in the closely-

allied Phfenoscliisma, Pentremites, and other genera. Owing
to the direct communication of the hydrospire-slits with the

exterior, there are no hydrospire-canals or spiracles.

From an examination of the British Cadasters we can con-

firm the description given by Billings of the structure of the

ambulacra in a Canadian species §. As there are no hydro-

spire-canals, there are no pores ; and we doubt whether outer

side plates are present in all species. Although we agree

with most of Billings's descriptions of structural characters,

we cannot accept his deductions from them as to the Cystid

affinities of Cadaster , a point Avhich we shall touch upon later.

Messrs. Meek and Worthen have suggested || that the

puncta in the hydrospiral grooves communicate directly with

the hydrospires, and represent the spiracles of other Blastoids.

Wecannot assent to this ; nor are we at all clear that puncta

exist in the impressed lines on the interradial areas of

Codaster. M'Coy only described them with doubt ; and no
definite evidence has presented itself amongst the large num-
ber of British specimens of Codaster examined by us.

Neither do we sec the slightest reason to sup])ose that any
portion of the hydrospire-apparatus was capable of movement,
as suggested by the following remark of S. S. Lyon % :

—

" these pieces were evidently capable of being compressed and
depressed."

The number of hydrospires varies considerably according

to species. In M'Coy's C. trilobatus there are as many as

* Geol. Mag. I860, ii. p. 251.

t Amer. Journ. He. 18G9, xlviii. pp. 78-80.

X Loc. cit. 1870, xlix. p. 54.

§ Loc. cit. 1809, xlviii. p. 79.

II
Proc. Acad. Nat. Sci. Pbilad. 1869, p. 84 (note).

^ D. ].). Oweu's 3rd Report Geol. Survey of Kentucky, 1857, p. 494.
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ten exposed in each area, or sometimes nine exposed and one
partly concealed under the side of the adjacent ambulacrum.
In other varieties of this species we meet with seven grooves
or slits ; and some may be seen with eight. In C. acutus^

M'Coy, the number varies from three in the young condition

to four, five, or six, according to the state of growth ; but
invariably one and sometimes one and a half are concealed, as

in C. trilohatus*. The hydros pire-slits in G. pyramidatus^
Shumard, are six or seven in number, and seven or more in

C. alternatusj Lyon. Lastly, in C. Hindei, nobis, there are

seven apertures on each of the interradia,! spaces, one of which
is more or less covered by the edge of the ambulacrum.

Wesee no reason to doubt that Codaster possessed the usual
plated integument over the central aperture, as noticed by
^\\\ Billings t; but we have not been fortunate enough to

discover it in any of our British specimens. The outline of

the ambulacra varies but little. They are lanceolate in the

British species, narrow and linear in C. amer'icamiSj narrow
in C. Whitei, and petaloid in C. jy^?yra«^^(/a^«s. The side

plates do not cover the lancet-plate entirely, but rest on its

sides, leaving about a third of its width uncovered. The sides

of the lancet-plate are always deeply notched for the reception

of the side-phitcs. The latter vary in number according to

species ; the British form possesses from six to ten on each

side. C. Whitei has twenty-three or twenty-four |, whilst in

C. pyt'o^t^tidatus there are twenty-two. Wehave not been
able to detect outer side plates in tiie British species; and, as

before mentioned, there are no pores ; but each side plate

carries a large socket for the reception of the appendages.

The structure of the ambulacra in the American Cadasters

appears to be somewhat different. Lyon described the ambu-
lacra of C. alternatus as " divided into four equal parts by
three indented lines." Shumard described and figured the

same thing in C. pyramidatus ; and the structure of our G.

Eindei is identical. The middle one of the three indented

lines is the ambulacra! groove, the two lateral ones bounding

the side plates, which here lie on and almost entirely conceal

the lancet-plate. The outer side plates are placed outside the

lateral " indented lines," and project somewhat upwards

;

pores were not observed.

The interradial or oral ridges present some marked pecu-

* These two so-called species appear to graduate into one another ; and
some doubt if they can be regarded as distinct,

t Loc. cit. 1870, xlix. p. 54.

X Boston Joiun. ^'at. Hist. 1861, vii. no. 2, p. 327.
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liarities ;
and the outline of tlie summit depends very consider-

ably upon tlie fiatness or arched character of the plates which

bear tliese ridges. In G. pyramidatus they are flat, broad,

and lanceolate, sharp in C. Whitei, and barely separating the

slits of adjacent interradii at their outer extremities. But
they become wider towards the mouth ; and their proximal

ends in this species and in C. alternatus bear small tubercles.

In the latter species the oral ridges project somewhat above

the general surface of the summit and slope inwards ; but in

C. pyraraidatus they are inclined outwards, and to a certain

extent also in C. HiudeL
The radial sinuses are short in all the species, and usually

triangular. The anus is either rhombic, as in C. pyramidatus

and C. trihhatvSj or ovate {G. alternatus). The column
appears to have been circular and very small.

Godaster difters from Pentrernites and Gra)tatocrinus in the

greater distinctness of the summit from the remainder of the

calyx, in the absence of spiracles and the presence of the

large interradial anal opening, in the reduction in the number
of the groups of hydrospires from ten to eight, owing to their

absence from the anal interradius, in this opening directly

to the exterior instead of being withdrawn beneath the ambu-
lacra, and, lastly, in the absence of hydrospire-pores. The
same characters also separate Godaster from Pentremitidca,

Sc//izobIastus, IVicoelocrinuSj and 2\oostocrinus. There is a

nearer affinity existing between Godaster and Phcenoschisma

in the exposure of the hydrospiral slits on the surface of the

calyx, and in the absence of dehnite spiracles ; but in the

latter genus the anal interradius is occupied by hydrospires,

and the outline of the calyx in the two genera is quite

different.

Godaster was established by M^Coy as a Blastoid ; but

Mr. Rofe * regarded it as a connecting-link between the

Crinoidea and Cystoidea, Pentrernites being more closely

allied to the former, and Godaster to the latter. On the other

hand, Billingsf definitely referred it to the Cystoidea, because

there is no connexion between its hydrospires and the cavities

of the pinnulas borne on the ambulacra^ such as he assumed
to exist in Pentrernites.

Wec;innot learn that any other palaeontologist but Prof.

Zittel I has definitely adopted this view, which is far from
commending itself to us. If Godaster is a Cystoid, so are

* Geol. Miig-. 18G5,ii. p. 251.

t Ainer. .Jouni. Sc. IStiO, xhiii. p. 80.

\ Handb. d. Pal, ISeO, Bd. i. Abth. I, p. 424.
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Orophocrinus and Phcenoschismaj which are also devoid of

pores at the sides of the ambulacra leading into the hydrospires.

But Cadaster is a true Blastoid in every respect ; and we
think that Billings was led to this erroneous conception bj
his not having emancipated himself from the old doctrine of

the pinnules of Pentremites being placed directlj over the

hydrospire-pores bordering the ambulacra, a theory now
abandoned by all the more prominent writers on the Blastoidea.

The following species are comprised in the genus Co-
dasfpr :

—

'"Cadaster acutus, M'Coy. Carboniferous Limestone,

England.
C. alternatus, Lyon. Upper Helderberg group (Lower

Devonian), Kentucky.

C. americanus, Shumard. Upper Helderberg group
(Lower Devonian), Kentucky.

C. pi/rainidatnsj Shumard. Upper Helderberg group
(Lower Devonian), Kentucky.

*C. trilobatus, M'Coy. Carboniferous Limestone, Eng-
land.

C. Whiteij Hall. Burlington group (Subcarboniferous).

Codaster thus appeared first in the Lower Devonian of

North America, and was represented by three species. It

extended into the Carboniferous Limestone of the same con-

tinent and of the British Islands
;

but we believe it to be un-
known in the Upper Palaeozoic rocks of the continentof Europe.

If the Blastoid described by Messrs. Miller and Dyer as

Codaster jmlchellus^ belongs to this genus, which we very

much doubt, Codaster will then range back in time as far as

the Niagara group (Wenlock).

Codaster Illndei^ sp. nov.

8p. char. Calyx obtusely conoid and wall-sided
j summit

more or less truncated and decagonal ; oral crests of nearly

equal length with the ambulacra. Basal and radial plates

about equal in length, the latter convex, most sharply so in

the middle line ; but the limbs are placed at such an angle

that the union of every two produces a perfectly flat side to

the calyx ; sutures not marked by any dejn-ession
j sinus

rhombic. Four regular oral plates rhomboid and arched,

with a narrow sharp oral ridge, either in the same general

plane with the summit or incliricd very slightly outwards,

* Probably idoutical.

t Joiini. Oiucinuati Soc. Nat. Hist. 1878, t. ii. f. 13.
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unci terminating around the moiitli in blunt processes. Am-
bulacra lanceolate-petaloidj tapering but little, A\'ith a well-

marked food-groove, and another groove on each side sub-

parallel to it. Lying on the lancet-plate between the food-

groove and these lateral grooves are the side plates, that

portion of the ambulacra outside the latter being in all proba-

bility firmly anchylosed outer side plates
;

pinnule-sockets

large. Hydrospire-slits seven in number in each interradius,

half exposed, and one covered by the edge of the adjacent

ambulacrum. Mouth very small; anus rhomboid. Surface

smooth in the example under examination, but probably

ornamented by striaj following the margins of the plates.

Ohs. We are indebted for this interesting species to our

friend Dr. G. J. Hinde, who believes it to be identical with

Cadaster canadensis, Billings (MS.)- The few remarks*
made by Mr. Billings about C. canadensis are quite insuffi-

cient for its identification ,• and we have therefore much
pleasure in associating our specimen with the name of its

discoverer, who lias so earnestly worked in the field of

Canadian palaeontology.

The form of the radial plates, irrespective of other charac-

ters, at once distinguishes C. liindei from C. pyraviidatiis,

Shumard, and therefore probably also from C. americanus of

the same author. The diagnosis of C. Whitei, Hall, partakes

more of a generic than of a specific character; but it also

appears to be a distinct species. The length of the radial

sinuses and ambulacra, and the angle at which they are

inclined to the general plane of the summit, sharply distin-

guish C. alternatitSj l-^yon, from C. Hindei, and give the

two species a very different appearance. Furtlier, in the

summit of the former, when viewed from above, portions of

the inturned upper edges of the radial plates are visible ; but

in C. Hindei the perpendicular position of the sides of these

plates quite prevents their appearing on the ventral aspect,

where nothing is visible but tiie true summit-characters.

Log. and Horizon. Arkona, Ontario, Canada. Hamilton
Group, Upper Devonian (Coll. G. J. Hinde, Ph.D., F.G.S.).

Genus Geanatockixus (Troost, 1850, MS.), Meek &
Worthen (redef. E. <& C. 1882).

Orbiiremites, J. E. Gray (MS.), Syuop. Brit. Mus. 1840, p. G3.
GraHutvcrinites, Troost (MS.), Proc. Amer. Assoc, xldv. Science for

1849, p. G2.

* Amer. Jcurn. Sc. l8l')9, xlviii. p. 7'J.
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Granatocrinus, (pars) Hall, loth Annual Eep. State Cab. N. York,
18(J2, p. 146; (pars) Shumard, Trans. St. Louis Acad. 1805 (.^),ii,

p. 375 ; (pars) Meek & Worthen, Illiuois Geol. Surve}' Report,
1866, ii. p. 274.

Ohs. The mnjority of American palaeontologists have agreed

to distinguish as a separate genus a series of forms having
the general structure of Pentremites Noricoodi, O. & S., P.

melo, O. & S., and P. Sayi, Shumard. To these have been
applied the name Granatocrinus, which was first proposed by
the late Dr. G. Troost as Granatocrinites, the type being the

G. cidariformis, Troost. Neither of these ever became more
than a MS. name; and, according to Dr. Shumard*, the

species is identical with Pentremites granulatus, Romer.
The latter unfortunately is equally little known, having
been described only from an internal cast, no mention being
made of the summit-characters. Under these circumstances,

and for a due appreciation of the generic characters, we are

obliged to seek another type. We believe this may be most
readily found in Pentremites Nortcoodi, 0. & S., not only
from its general acceptance as a typical Granatocrinus, but
as one of the species first referred to this genus.

Webelieve that Prof. James Hall was the first to use the

name Granatocrinus '\, although Avithout any precise defi-

nition, and after him Dr. Shumard \, who included in it a
larger number of species than have been retained by later

American writers. The first actual description of Granato-
crinus to appear was by Meek & Worthen §, who supplement
their definition by the following remarks :

—" The generic
formula of this group is exactly the same as that of Pentre-
mites, Say, so iar as regards the number andar rangcment of
the pieces forming the body, though the form and proportions

of these pieces are so unlike as to give a very different out-
line and general physiognomy to the entire fossil. They are

therefore readily distinguished from Say's genus, as properly
restricted, by the irregular oval, elliptical, or subglobose torn],

concave or less protuberant base, and much narroAver and
more elongated jiseudo-ambulacral areas, which extend the
entire length of the body, so as to give it more the appear-
ance of an Echinoid. 'ihey likewise present difierences in

the arrangement of the ovarian (?) openings of the summit,
which are more intimately connected with the interradial

pieces, being sometimes excavated one into each lateral

* Trans. St. Louis Acad. ii. p. 375.

t lOth Annual Koport State Cab. Nat. Hist. New York, 180-^, p 146
X Op. at.

§ Illinois Geol. Survey Repta-t, 1806, ii. p. 274.
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margin of these pieces {G. Sa>ji) —or, in other instances,

piercing directly through them, so that each pair appears

externally as a single opening ((r. melo and G. Norwoodi),

though they divide into two distinct canals before passing

entirely through the plates. The typical forms of this genus

also have the interraduxl pieces proportionately much larger

than in the true Pentremites, though this is not a constant

character."

On a comparison of the species thus separated from Pen-

tremites and united under Granatocrinus^ we find that they

belong to two well-detined morphological groups. To the

first of these, having for its type Pentremites N^orwoodi, 0. &
S., we pro})Ose to restrict the name Granatocrinus ; and to the

other, typified by Pentremites Sai/i, Shum., we apply the

name Sc/iisohlastus.

The lancet-plate of an OYd'ma,Yj Pentremites does not fill the

radial sinus, but only occupies its central portion. Between

it and the walls of the sinus therefore a groove is left, at the

bottom of which are the slits of the hydrospires. This groove

is continued from the peristome on either side of the apical

end of each oral piece and down to the end of each ambula-

crum. It is not, however, left open, but is converted into the
" hydrospire-canal " by the side plates, which are wedged in

between the lancet-])late and the walls of the sinus. In the

proximal portions of the ambulacra these walls are formed by
the oral plates, the central ridge of which is sometimes com-
paratively prominent, so as to separate the proximal side

plates of adjacent ambulacra, but sometimes so reduced that

these plates meet their fellows over the top of the oral ridge.

In either case, however, the passage from the peristome be-

tween the lancet-plate and the calycular plates becomes con-

verted into a canal, which is roofed over by the side plates

and opens at the summit by the so-called spiracle. This is

the structure of the summit in Pentremites proper.

In Granatocrinus Norivoodt, and in all the species met
with in British rocks, with one exception, the lancet-plate

almost entirely fills up the radial sinus, and the narrow

hydrospiral canals are continued upwards through the suhstance

of the oral jy^iftes^, opening externally usually by five, but in

one case (^G. llojii) by ten, apertures f. Most of the other

* This structure was oi-igiiially described by Dr. C. A. White la G.

Norwoodi (Boston Journ. IN at. Hist. 181)3, yH. no. 4, p. 483).

t Wehave a specinieu of G. Noncuodi iu ^vhich cue of the oral }>lates

is pierced by two spiracular openings instead of by one only. This is the

natural condition of four of the oi'al plates of the Ijritish G. llojii, the

fifth one having a large anal spiracle as in all the species of this genus.
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American species referred to Granatocrinus^ as G. melo and

G. Sai/i, have ten notches in tlie sides of the oral ])lates,.

instead of pores, and will constitute our genus Schizohlastus.

The species forming Granafocrinas so emended are
^

the

foUowinir :

—

o

I. Tijjjical Sjyecies.

G. Norwoodi, 0. & S. Burlington Limestone (Sub-

carbon iferous) , lo vva.

G. ellijyti'cus, Phill. Carboniferous Limestone, England.

G. derbiensisj Phill.
,, „ ,,

G. orbicularis
J

Phill.
,, „ ,,

G. campanulatuSj M^Coy. „ „ ,,

^ G. pistfbrijus, sp. nov.
,, ,, ,,

G. 21%'oi/i, sp. nov. „ ,, ,,

IL Aberrant and Doubtful Species.

G. elongatus, Phill. ; G. liofii^ sp. nov. Both from the

Carboniferous Limestone.

The form and general appearance of the calyx presents a

remarkable uniformity of type throughout the species which
we have restricted under the name of Granatocrinus. Two
broad divisions may be traced —the lirst after the type of G.
Norwoodi^ the second after that of G. ellipticus. In the first

the form is subglobose ; and, includes all the British species

except the one named. The latter forms a division of itself

and is elongately elliptical.

Tiie summit is more or less flattened in all, or even at times
a little depressed. The base is usually small, flattened^ or

concave, ilie amount of the concavity varying according to

species, the basal plates never being visible \n a side view :

in Q. Norwoodi it is narrow and deej), in G. orbicularis

broad and shallow, the same in G. ellipticus, rather deeper in

G. derbiensis, broad and almost flat in G. canipanulatus, in

fact broader in this species than in any other.

The proportions of the radial and oral plates of GranatC'
crinus vary considerably ; some species have large radials

and small orals, others small radials and large orals. Generic
subdivision has before now been attempted according to the
relative sizes of these plates

; but, as Messrs. Meek and
W'orthen have very justly observed, speaking of tiie orals in

particular, " there are so many gradations in this character,

liowever, that it does not seem to be possible to make it a
means of separating the species into two well-defined sec-

* These will be deserib,.cl in our more exteudod work on the Blastoidea.
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tions "*. In this we entirely concur. G. Noriooodi possesses

very large radial plates, extending- from the edge of the

hollow base almost to the very apex of the calyx, and corre-

spondingly small orals. On the other hand, in the British

species, although the radials maintain their general superiority

of size in all but one species, the orals are larger than in the

American type. A gradation, however, is traceable in G.

j)isifbrmtSy in which they are smallest, to G. orbiculan'Sj

which possesses the largest oral plates with the exception of

G. derbiensis. In the latter they attain an inordinately large

size, the radial plates being only just sufhciently high to en-

close within their sinuses the distal ends of the long ambu-
lacra. The spiracles o])en in all the species, whether the oral

plates are large or small, on the mamillary projections at the

apices of the latter t ; but in G. jn'styonnis they are bounded
externally by nodular elevations of the plates. Dr. C. A.

White has shown that the anal Sjiiracle in G. Noriooodi is

bordered on the outer side by a solid ])rojection formed by a

part of the oral plate \. Meek and Worthen suggested tlurt

the anal plate consisted of three pieces § 5 but we have not

met with any evidence contirming this view.

The ambulacra of Granatocrinus are always long, curved,

and narrow, and reaching to the base —the calyx usually

resting, when placed on its base, on the distal ends of the

ambulacra. This appears to be an essential character of the

genus, and is one of the points in which it agrees with Schizo-

hlastus. The side plates in the ambulacrum of Granatocrinus,

unlike those of Peutremites, do not lie against the sides or

edge.s of the lancet-plate, but actually upon it, so as to conceal

the greater part of it. The portion left exposed is the crenu-

lated ridge of the lancet-plate, bearing the zigzag ambulacral

or food-groove. This is the structure in G. ellipticus, G.
cam^yaimlatitSj G. orhicidaris, and G. derbiensis, whilst in

G. Noricoodi it is perhaps more exposed than in any other

species we have as yet been able to refer to this genus. The
side plates are variable in number according to species (from

twenty to eighty), and are usually transversely elongated.

The ambulacra are at times deeply impressed within the

prominent edges of the radial forks.

A good deal of variation is shown in the formation of tJie

pores. In G. orbicularis they are enclosed between the mai-gin

* Illinois Geol. Report, ii. p. 275.

t First pointed out in G. Norwoodi by Owen and SLuuiard (Joiirn.

Acad. Nat. Sciences Philadelphia, 1850, ii. pt. 1, p. 64).

X Boston Journ. Nat. Hist. 180-3, \ii. no. 4, p. 483.

§ Illinois Geol. Surv. liep. 187J3, p. 465.
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of tlie radial, the lower margin of the side plate above, and the

upper oblique margin of the outer side plate, and are, roughly

speaking, triangular in shape. The result of this is that the

pores are excavated wholly in the outer side plates ; but in G.

ellipticus a slightly different arrangement is met with. Here
the pores are excavated out of the side plates themselves, the

upper edge of the outer side plates being quite straight and not

at all cut into. In G. campanulatus the pores are scarcely

excavated in the ambulacral plates at all, but are almost wholly

so in the edges of the radial plates. There also appear to be

slight modifications in the arrangement of the sockets placed

on the side plates. In G. orbicularis they terminate narrow
grooves which arise from the lower sutures between the side

plates and the outer side plates, running almost straight on to

the centre of each side plate. There is a similar structure in

G. elongatus^ a somewhat aberrant form, which will probably

have to be referred to the present genus. Bat in G. ellipti-

cus the groove communicating with the socket arises from
the suture separating the side plates themselves, and must
have been in direct communication with the pore.

We have come to the conclusion that in Granatocrinus, as

understood by us, there is no under lancet-plate, as there is

in Peutremites and Orophocrinus ; and we are glad to find our-

selves in accord with Messrs. Wachsmuth and Springer on
this point *.

In Granatocrinus the hydrospires are few in number. G.

Norivoodi possesses two on each side of an ambulacrum,
whilst G. campanulatus, G. orbicularisj G. ellip)ticus, and
G. derhiensis have only one each. The abnormal species G.
elongatus, to which we shall refer further on, possesses three

on each side.

The central aperture and spiracles in the type species G.
Norivoodi, as originally pointed out by Messrs. Owen and
Shumard, are closed by a conical integument of small plates f;
but our researches amongst the British species have not
rewarded us by the discovery of a similar feature. Through
the disinterested kindness, however, of Mr. Charles Wachs-
muth we have been afforded the opportunity of examining
some fine examples of G. Nortooodi in that condition. It has
also been pointed out by Dr. C. A. White that in the same
species this plated integument passes down and covers the
central food- groove of the ambulacra %•

* ' Revision,' pt. 2, t. xx. f . 6.

t Joum. Acad. Nat. Sciences Pliiladelpliia, 18-jO, ii. pt. 1, p. Go; also
see Shumard, in Swallow's Missouri Geol. Report, \6bb, p. 186.

X Boston Journal, I.e. p. 484; see also Meek and Worthen, Proc. Acad.
Nat. Sciences Philadelphia, 1809, p. 8-3.
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The caljx in Granatocrinus is hio-]ily ornate. Concentric

strige, often becoming reticulate, or fine granules arranged in

lines, cover the plates.

We append a list of doubtful species of " Pe.ntremites^''

which we have been unable to refer either to Granatocrinus

or to SchizohJastus. Wehave not seen specimens of any but

the first mentioned ; and though figures have been jmblished

of some, they are of as little use as most of the specific diag-

noses for the determination of the generic affinities of these

doubtful forms :

—

Pentremifes ancjularis^ Phillips. Carboniferous Lime-
stone, England.

P. curtus, Siiumard. Archimedes Limestone (Subcarbo-

niferous), Missouri.

P. Shumardt^ M. & W. Burlington group (Subcarbo-

niferous, Iowa.

P. Bceiner}\ Shumard. Chemung group (Upper Devo-
vian), Missouri.

?P. cahjce^ Hall. Hamilton group (Upper Devonian),

W. New York.

?P. /er/nr, Hall. Hamilton group (Upper Devonian),

W. New York.
?P. hfcorias^ Hall. Hamilton group (Upper Devonian),

W. New York.

?P. mctia^ Hall. Hamilton group (Upper Devonian)
;

Moscow, New York.

P. cornutus^ M. & W. St. -Louis group (Subcarbonife-

rous), niinois.

P. fjranulatus, lloemer.

P. lotohlastuSj White. Subcarbonifcrous, Arizona.

We possess in our English Carboniferous Limestone a

species, Pentremites elongaius^ Phillips, which is to all intents

and purposes a Granatocrinus, so far as general appearance

goes. The ambulacra, however, are relatively wider than in

a typical Granatocrinus; and the spiracles are formed more
after the type of Pentremites proper. The contracted apex and
base, with concavity of the latter, the long curved ambulacra,

long radials, and small orals, correspond nevertheless so

closely witli those of the former genus that we feel somewhat
undecided at present whether to place it there or frame a

separate genus for its reception.

In its emended form Granatocrinus is strictly confined to

rocks of Carboniferous age—one species being found in the
United States of North America, and six in England. On the
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other haivi, tlie number of American species may at any
moment be auo-mcnted by one or more of the doubtful ones.

Further, if certain forms described by Prof. James Hall are

subsequently found to be referable to this type, the genus will

have commenced its existence in the Upper Devonian of North
America.

Genus SCHIZOBLASTUS, gen. nov.

Gen. char. Calyx resembling that of Granatocrimis in form
and composition of the ambulacra. Oral plates of variable

size, but usually small. Spiracles double, being linear or

oval clefts between the lancet-plate and notched edges of the

orals, further removed from the peristome than in Pentremites^

and not floored by the oral plates (as in the latter genus)
;

those in the anal interradius may or may not be confluent with
the anal aperture.

Obs. That some restriction of the then existing genus
Granatocrimis was felt to be necessary by American palaeon-

tologists may be gathered from the following remarks by
Messrs. Meek and Worthen, who, speaking of Pentremites

melo and P. projectus^ say, " Both of these forms differ from
the typical species of Pentremites ^ in having each pair of

ovarian openings distinctly separate, instead of closely united,

with merely a thin septum between .... They constitute a

subgenus of Pentremites "*. The form of the calyx in Schico-

hk'.stus is, as a rule, pentagonal subglobose, or melon-shaped,
and when viewed in section is either simply pentagonal, as in

8. Sayi, or imperfectly decagonal, as in S. melo^ S. meJonoides^

or S. missouriensis. The summit and base are much con-

tracted when compared wdth the apices of other genera. The
former is, generally speaking, to some extent flattened, whilst

the latter varies between very concave, truncate, or sliglitly

protuberant. In S. melo, S. Sayi, 8. melonoides, and 8.

missouriensis the concavity is but slight, in some individuals

so much so as to appear almost flat, whilst in *S'. ylaher it is

broad and apparently truncate. On the other liand, in 8.

granulosus the base is deeply concave, the radial plates being
quite hidden in the depression, so that they are invisible in a
side view. A similar concavity also exists in 8. pisum.
Lastly, in 8. neglectus and 8. project us the base projects to a

greater or less degree, and is visible when the calyx is placed

in an erect position before the observer.

The radial plates resemble those of Granatocrinus by their

extreme variability in size. In 8. melo, 8. melonoides, and

* Proc. Acad. Nat. Sciences Philadalpliia, 1861, p. 142.
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S. projectus they are verj large, extending through all but

the whole length of the caljx. Those of S. Sa>/i\ on the con-

trary, are exceedingly short, extending upwards only suffi-

ciently far to enclose the distal ends of tlie long ambulacra in

their forks or sinuses. • In *S'. (jlaher and 8. missouriensis the

radials are again short, but not quite to the same extent as in

/8'. Sa>/i, whilst in the former they are much incurved below,

to assist in forming the truncate base. The radial sutures are

placed in concavities or re-entering angles of the calyx in S.

melo^ and, to a certain extent, in S. missouriensis, giving to

the entire body a markedly lobate appearance, and to the cross

sections a roughly decagonal outline. The oral plates of this

genus have no depressed apical tongues more or less divided

by a median ridge into two lateral halves, each of which
forms the Hoor of a spiracle, as is the case in Pentremites.

The size of the orals is naturally in inverse proportion to

that of the radial plates. For instance, they are very small in

S. melo, S. melonoidesj and S. projectus, and confined quite to

the summit. They are comparatively small again in S. pisum,

but of medium size in S. glaher and S. granulosus^ and more
than one third the length of the body in S. neglcctus. In 8.

8ai/ij on the contrary, the orals reach their extreme limit of

size, to compensate for the diminished radial plates. This

species occupies the same position in 8chizoblastus that G.

derhiensis does in Granatocrinus, the relation of the two sets

of plates in question affording a very marked point of resem-

blance between the two genera.

The spiracles are oval or linear slits, one on either side of

each ambulacrum, but situated at a relatively greater distance

from the centre than those of Pentremites. The hydrospire-

cleft between the edge of the lancet-plate and the side of the

radial sinus is roofed over and converted into a canal by
the side plates, the outer faces of which rest against the

straight edges of the orals at the proximal ends of the ambu-
lacra. These straight edges, however, are not continued right

up to the peristome. Some little distance before reaching it

they bend inwards towards one another, and then curve out-

wards again before converging towards one another at the

apex of the plate. At these points, therefore, the hydrospire-

clefts are slightly wider than at the more distal parts of the

ambulacra ; and as the latter decrease in width the side plates

fail to fill up the gap between the lancet-plate and the orals,

which is thus left open as a spiracle, and is not closed by the

summit-plates when these are present. The spiracles of

8c]uzuhlastus, speaking generally, are much more outside the

orals than those of Pentremites. It is well shown in 8. 8ai/i,
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where the anus perforates one of the oral plates, while the

spiracles are partly formed by notches in its side*. The
spiracles vary but little in size, and, as a rule, are very small,

as in S. i^isuvij S. neglectuSj S. melo, &c., but of lai'ger size

in S. glaher. The anal spiracle is always very dispropor-

tionate in size as compared with the others. It is frequently

bounded on its outer margin by a tubercle or boss of greater

or less elevation, as in H. neglectus^ S. granulosus , and S.melo.

The anal opening is said to be circular in S. pisum, ovate in

S. Sagi'y and pyriform in S. vielo. The summit of S. meJo

presents some departures from the type described above, which
approximate it to Pentremites proper. This is especially marked
in specimens wdiich have the side plates in situ at the central

ends of the ambulacra. A wide median ridge rising from the

apex of each oral plate separates two spiracular openings,

which are apparently constructed upon the same type as those

of PentremiteSy viz. floored by oral plates and leading into a

hydrospiral canal, roofed in by side plates.

The real state of the case, however, is as follows : —The
lancet-plate is separated from the radial plates by the thick

upper edge of the inner wall of the hydrospire-tubes. J\l inute

cross pieces between this plate and the sides of the radials

convert the hydrospire-cleft into a canal opening externally

by pores between these cross pieces, whilst the side plates,

resting on the latter, alternate with the pores as usual But
this hydrospire-plate terminates at the oro-radial suture ; and
at the central end of the ambulacra the lancet-plate comes into

direct and continuous contact with the orals without leaving

any intervening pores, although the side plates rest on it as

usual. Between the converging edges of the lancet-plate and
the large notches in those of the oral plate at its sides are the

spiracular openings, which lead downwards beneath the lancet-

plate into the hydrospiral canal, and are not floored by the

oral plates, as are those oi. Pentremites. But the anal spiracle

* The peculiar manner iu which the spiracles of Schizohldstus ara^
formed is excellently shown iu Wuchsmuth and Springer's figurci oi
S. Sat/i (Revision, ii.). But we cannot at all acquiesce iu their in-

terpretation of the calycular plates of this type. It is generally supposed
to have large orals which form the greater part of the calyx. The above-
named authors, however, limit their name to small rhomboid pieces im-
mediately round the summit, which we take to be merely the apical ends
of large oral plates. Further, they represent a suture as occurring below
these tongues and the great plates outside them, which they indicate as

the fork-piece (radials). We cannot, however, make out either this

sutui-e or the iuterradial one represented by them as between the two
limbs of adjacent radials ; for the latter occupies tlie middle line of what
we, like earlier writers, take to be large deltoid or oral plates.

Ann. d; Mag. N. Hist. Ser. 5. l^ol. ix. 18
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is so large as to remove all trace of the broad median ridge

separating the two spiracles at the sides of the corresponding-

oral plates
;

and the lateral tubes are therefore fused with the

anus into one large anal spiracle —a character which increases

the resemblance between the summit-structure of this species

and that of Pejitremifes proper. Except in 8. melo, the spiracles

of Schizohlastus are at the sides of the proximal side plates,

whilst those of Pentremites are between the latter and the

mouth.
We have not succeeded in ascertaining whether or not the

lancet-plate is double, as in Pentremites
; but we believe that

it is not. In S. Hayi it is undoubtedly traversed by three

canals, one being that of the ^vater-vessel. The nature of the

other two is not at present clear to us ; but we hope to discuss

the question fully in our larger work. The side plates in

Schizohlastus rest on the lancet-j)late, ])artially hiding it from

view, and not simply against it as in Pentremites.

It is scarcely visible in S. inelonoiclesj S. 2}isitmj and S. neg-

IcctuSj rather more exposed in ^S'. melo, and still more so in

S. Sayij in which it occupies the median third of the ambu-
lacrum. The side plates vary from about twenty to eighty

in number on each side of the ambulacrum. They number
about twenty-six in S. ^^ifton, from twenty-tive to thirty in S.

iierjlectusj 8. glaher^ and 8. gramdosus^ and eighty in 8. 8aiji.

Outer side jilates are unknown in 8. melonoidesj 8. lyisuin, 8.

neglectusj and 8. gJaber.

Weare acquainted with the number of hydrospires in only

8, 8ayi, in which there are four on each side.

Not unfrequently a sulcus of variable depth occurs on each

side the ambulacra, between the ends of the side plates and
the edges of the radial sinuses. The ambulacra are either

on the same level with the general surface of the calyx, as in

8. 8ayi and 8. projeclus^ or a little below it, as in 8. granu-
losus.

The surface of the plates in 8cJ/izohIastiis is usually highly

^ornate; but 8. glaher is described as smooth. The species

definitely included in this genus are :

—

Pentremites melo, Owcxi and Shumard. Subcarboniferous,

Iowa, Missouri, Illinois, &c.

P. 8ayi, Sliumard. Ditto.

Grancttocrinus melonoides. Meek & Worthen. Burling-
ton group (Subcarboniferous), Iowa.

G.j^i^um, Meek & Worthen. Burlington group, Iowa.
G. neglectus, Meek & AVorthen. Ditto.

G. glaber, Meek & Worthen. St. -Louis group, Illinois.
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Granaiocrinus granulosus ^ Meek & Worthen. Keokuk
group (Subcarboniferous), Illinois.

Pentremites missouriensisj iSliumard. Chemung (Devo-
nian), Missouri.

Granatocrinus 2vqjectus, Meek & Worthen. Burlington
group (Subcarboniferous), Iowa.

Pentremites Potte.ri^ Hanibach. Ditto.

With the exception of one species, S. missouri'ensis, which is

found in the Chemung group (a division of the North-Ame-
rican Devonian), the whole of the species are of Carboniferous

age, and confined to America.

Genus TeoostocPvINUS, Shumard, 1865.

Troostocrinvs, Shumard, Traus. St. Louis Acad. 1865, ii. p. 384 (note)
;

Meek & Worthen, Illinois Geoi. Keport, 1873, v. p. 507.

Ohs. This genus was proposed bj Dr. Shumard, in his

useful Catalogue of North-American Palseozoic fossils, for

subfusiform species o1 Pentremites^ after the type of P. Rein-
wardtiij Say, possessing a slender outline, triangular base,

and linear ambulacra. The genus was never described in

detail, but was adopted by Messrs. Meek ahd Worthen pro-

visionally. To it they ascribe species with a triangular base,

flattened on all three sides, a narrow fusiform body, elongate

and tapering below, and narrow ambulacra.

Dr. Shumard's remarks arc as follows :
—" There appear

to me good reasons for removing this and other subfusiform

species, as Pentremites Peinxcanltii^ P. lineatus^ P. hijpyra-

midalis, P. Wortheni, and perhaps P. Grosvenorij from among
the Pentremites, and grouping them together in a separate

subsection under another name. These and allied forms are

remarkable for their slender subfusiform shape, linear pseud-
ambulacral fields, triangular base, and simple summit-struc-

ture. These external differences would seem to imply cor-

responding modifications in the internal economy of the animals

of more than specific importance. If, from a more thorough
study of such species, it should be deemed advisable to separate

them from the genus Pentremites, I would propose the name
Troostocrinus for the group," &c.*

In this proposal we entirely concur ; but as our acquain-

tance with the genus depends simply on the structure of T.

Pieimoardtii and T. lineatus, we shall confine our descriptive

remarks to these species. The most important morphological

difference between Troostocrinus and Pentremites lies iu the

* Loc. cit.

18*
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structure of the spiracles. Those of Troostocrimts are at the

sides of the proximal side plates, as in Scln'zohlastus, while

those of Pentremites are between the proximal side plates and

the mouth. The spiracles, more especially those of T. Uneatus^

are intermediate in structure between those of Pentremites and

the American species of Oropliocrinus. The distal portions

of the ambulacra resemble those of a Granatocrinns, the

lancet-plate and its superposed side plates almost completely

fillinf^ u]) the radial sinus, so that the hydrospiral pores are

small and inconspicuous. Towards the summit, however, the

width of the deep radial sinuses increases considerably, while

that of the ambulacra decreases a little, and the side plates do

not meet the orals. The hydrospiral canals therefore open

out into linear spiracular apertures, those of the anal side

being nearer the centre than, and quite distinct from, the anus.

If the distal portion of the lancet-plate were in continuous

instead of interrupted contact with the sides of its radial sinus,

T. Uneatus would have the same form of respiratory openings

as Orophocrinus gracilis, M, & W. sp., a slit extending for

a short distance along each side of the ambulacra.

On the other hand, if the summit were rounder, the radial

sinus shallower,, and the spiracles shorter and wider, Troosto-

crinns would be essentially a Pentrcmite with narrower am-
biilacra than usual. Therein lies the difference between the

two types, and also between Troostocrimts and Pentremitidea.

Webelieve that this form of spiracle, coupled with the chci-

racters indicated by Dr. Troost, Avill prove to be of generic

value; and we propose to adopt Troostocrimis accordingly.

The peristome is more contracted in T. Peinwardtii and T.

Uneatus than in almost any other Blastoids. The oral plates

are very minute, entirely coniined to the summit, as well as

inconspjicuous, like those of Pentremitidea and Phcenoschisma.

The ambulacra are deeply set in the radial sinuses, but deeper

in T. Uneatus than in the other species. The side plates are

few in number in T. Peinivardtii, but much more numerous
in T. Uneatus. The lancet-])late is almost entirely concealed

by the side plates, as in some species of Granatocrinus and
HcliizohJastus. In T. Uneatus it contains three canals ar-

ranged in a triangle, similar to those of Scliizohlastus. The
hydrospires, in the only two forms in which we have seen

them, are three or four in number on each side ; T. Reinioardtii

possesses three, and T. Uneatus four.

The following is a full list of the species which will pro-

bably be comprised in IVoostocrinus'^: —
* Weare acquainted by examination with the two type species only,
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Pentreinites Inpijramidalis^ Hall. Keokuk limestone

(Subcarboniferous) , Missouri.

P. clavatus^ Hambach*. Subcarboniferous, Illinois.

P. Grosvenori^ Slmmard. Archimedes limestone (Subcar-

boniferous) , Indiana.

P. lineatus^ Shumard. Encrinital limestone (Subcarbo-

niferous) , Illinois.

P. Reinwardtii^ Troost. L. Helderberg group (Upper
Silurian), Kentucky.

P. suhcylindrica^ Hall. Niagara group (Upper Silurian),

Ohio.

P. suhfnaicatus, Hall, Hamilton group (Up. Devonian),

Iowa,

P. Woi-fheni, Hall. Keokuk limestone (Subcarboni-

ferous), Iowa &c.

If all the above species are rightly placed under Troosto-

crt'nus, the genus then made its first appearance in the Upper
Silurian, reappeared in the Upper Devonian, and culminated

in the Carboniferous. We are not acquainted with any
Troostocrinus from the Palreozoic rocks of this country or of

the continent ; so that it appears to be entirely an American
genus.

Genus Orophocrinus, Von Seebach, 1864.

Oro2)hocrimis, vou Seebacli, Nachr. k. Gesellsch. zu Gottingen, 1804,

p. 110.

Codonites, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia,

1809, p. 84 (note) ; Meek aud Wortheu, Illiuois Geol. Survey Report,

1873, V. p. 403.

Ohs. Von Seebach was the first to point out the distinction

of this generic type from that of the ordinary Peutremites

;

and although it received the name Codonites five years later,

we feel bound to follow Ludwig and Zittel in using Von
Seebach's name rather than that of the American authors.

Both chose for their type the Pentremites stelUforiiiis^ Owen
and Shumard.

The second description by Meek and Worthen is sufficiently

explicit to make it unnecessary for us to redescribe the genus
;

we need only at present point out a few of its peculiarities,

more especially in connexion with the European species.

But two species of Oropliocrinus are at present known,
both of them from the American Carboniferous series, viz.

T. Reimvardti and T. lineatus ; but the other species agree so well in form
and outline with these, that we can hardly duubt their generic identity.

* Non P. davatus, Schultze, Devonian, Eifel,
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0. stelNformis, O. & S., sp., and 0. gracilis, M. & W. In

European rocks of corresponding age five species are now
known to occur. There are two British BUistoids referable to

this type, ahz. Pentremites injiatus, Phillips, and P. pentan-

gularis, Miller, sp., wliilst the other three are met with in

the Carboniferous Limestone of Belgium

—

Pentremites Puzos^

Mlinster, P. Orhignyanus, de Koninck, and P. Waterhousianus^

de Kon. The first two of these are somewhat aberrant forms,

presenting considerable difterences from the American species,

which approximate them to Plucnoschisma and Cadaster.

The gap, however, is bridged over so completely by O. in-

flatus, Phillips, sp., and 0. Water Jwiisianus, de Kon., sp., that

we have no choice but to refer thera to this genus.

Orojyhocriinis differs from Pentremites proper, Granatocriniis^

Schizublastus, Pentremitidca, and probably also from Troosto-

crinus nnd TricceJocrinus, in the absence of marginal pores to

the ambulacra and of circumoral spiracles. The place of tliese

organs is taken by the ten elongated slits which run parallel

or subparallel to the ambulacra. Further, the anal aperture

of OrvpJiocrimis is sepai ate and distinct from these hydrospiral

openings, having no coimexion whatever with the latter, as is

the case with the fifth or complex s|)iracle of the genera men-
tioned above. Lastly, tlie orals, in consequence of the absence

of distinct spiracles^ are imperforate. Orophocrinus thus pos-

sesses only one series of openings leading to the hydrospires,

viz. the ten elongated slits bordering the ambulacra. The appa-

rent difference in number between the latter and the five spiracles

of a Pcnticmite is lessened when wc recollect that in the last-

named genus the spiracles are divided internally by a septum,

whilst in Schizohlastus they are separately developed and
correspond in number to the hydrospire- clefts of Orophocrinus.

In the widening of these clefts in the Belgian species, O.

puzos, Miinster, sp., and 0. Orbignyanus, de Kon., sp., and
the partial exposure of the hydrospire-slits, we see a fore-

shadowing of the conditions met with in Pluv7ioscMsma and
Codaster. In both these genera there is likewise a separate

anal aperture, whilst the anal interradius bears hydrospire-

clefts in Phamcschisma and OrojjJwcrinus, but not in Codaster.

A tendency towards the form of the true Pentremite is ex-

hibited by one species in particular, the O. gracilis, M. & W.*,
more than in any of the others. Although possessing the cha-

racteristic features of OropJiocriiivs, the upper portion of the

calyx is much higher and less depressed than in the typical

O. steUiformis. It also bridges over the gap between the

American and Euroj)can species
;

for not only are the hydro-

* Loc. at. V. t. 8. f. 6.
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spire-clerts in the latter much wider than in the former, but
they are also contiguous to the ambulacra, without tha inter-

vention of a part of the radial plate.

D'Orbignj's Bimorphicrinus^'^ is undoubtedly congeneric

with Orophocrinus. In the original definition it is said to

have only two row^s of plates ; but de Koninck has since

shown t that it was founded on Platycrinites pentangularis^

Miller, which he considered a Pentremite deprived of its

oral plates, whilst we hope to definitely show its relation to

0<i>i)!iocrinus.

Weagree with the late Mr. Billings in regarding the struc-

ture of Orophocrinus as of more than generic importance when
compared with that of other Blastoids

; and we follow Meek
and Worthen, as does Zittel, in regarding Orophocrinus as a

Blastoid and not a Cystidean, as it was asserted to be by
Billings :|:. He seems to have been led to this conclusion by
the discovery of specimens with the peristome closed by
minute plates, and by his peculiar views as to the mouth being

confluent with the anal aperture. The absence of hydrospire-

pores and spiracles we believe to be points of the greatest

structural importance within the Blastoidea, but not sufficient

in themselves to eliminate Orophocrinus from that class.

The oral plates, except in well-weathered specimens, are

difiicult to see, but are usually acutely arrowhead-shaped

(0. Waterhousianus, O. gracilis, and 0. Orbignyanus)^ or

double diamond-shaped, with a constricted middle, as in 0.

sieUiforinis. The anal aperture is large, and either oval, as in

the last-named species, or elongately and roundly triangular.

In 0. stelliformis it also has an outer raised margin ; but we
have not observed any tube or small proboscis as described in

this form by Messrs. Wachsmuth and Springer §.

The ambulacra are linear in all but 0. Orhignyanus^ where
they broaden out, and they possess only one groove, the food-

groove, not three as in CoJaster. We have not succeeded in

detecting any sign of outer side plates, unless it be in 0. Or-

hignyanus ; but of this we cannot be sure. Meek and Worthen
say they are unknown In O. stellifonnis '^ but they appear to

figure them in O. gracilis\\. The length of the hydrospire-

clefts is a variable character. They are shortest in 0. stelli-

formis^ but extend nearly the whole length of the ambulacra

in 0. Waterhousianus and 0. pentangular is , and c^nite that in

0. inflatus and 0. Orhignyanus. As before stated, no true

spiracles are present ; but the clefts enlarge upwards towards

* Prodrome de Pal. 18-lU, i. p. lo5.

t Rech. Criuoides Terr. (larb. Belgique, p. 19J.

I Americau Jomn. Sc. 1870, i. p. 2o4. § Revision, pt. 2,

II
Iliiuois Geul. Siirv. Report, lb73, v. t. 8. f. 6,
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the peristome and form a kind of spm-ious spiracle ; this is

particularly noticeable in 0. stdh'formis. The lancet-plate

appears to be exposed in all the species in its u])per part; but

towards the distal extremity the side plates meet in the middle

line and close over it, the amount of covered surface varying*

according to species.

The side ]ilates are very numerous in O. injJafus and 0.

pentangulan's ; but the state of preservation of our specimens

does not permit of the actual number being ascertained. 0.

steliiformis is said to possess fifty; and twenty-two exist in

0. gracilis. There are at least twenty-five in 0. Waier-

lioiisiaims, and something under twenty in 0. Orhignyaniis.

The hydrosplres, so far as we are acquainted with them, vary

from ibur to eight. There are five in 0. sfcllifbrviis, from

seven to eight in 0. ivflahis and O. jx^ntanguJaris^ and at

least four in the two Belgian species.

Wehave not observed in either of the European species a

plated ])eristome as described by Dr. C. A. White* ; but we
entertain little doubt that it existed in the perfect form.

The following are the species we refer to Orojiiliocrinus

:

—
Codonites gracilis, M. & W. Burlington group (Sub-

carboniferous), Iowa.

Pcniremites ivjiatus, Gilb. Carboniferous Limestone,

England.

P. Orhigvyanus, de Kon. Carboniferous Limestone;
Belgium.

Plaiycrimis jyenfavgidai'is, Miller. Carboniferous Lime-
stone, England.

Pcnlrouites jmzos, Minister, Carboniferous Limestone,

Belgium.
Codonites steJJiformisj O. & S., sp. Burlington group

(Subcarboniferous), Iowa &c.

Pentrernites Watcrliousianus, de Kon. Carboniferous

Limestone, Belgium.

From the above list it wdll be seen that Oropliocriims is

entirely confined to rocks of the Carboniferous ])eriod, occur-

ring, hoAvever, in those of Britain, Belgium, and America.

It thus has a wider geographical distribution than any of the

other genera occurring in Britain, Granatocrinus being as yet

unknown on the continent, while the Pentremitidea of Spain,

the Eifel, and the American Devonian rocks does not occur in

Britain; and PJta nosclusrna of England, Belgium, and S])ain

is but very doubtfully recognizable among the American
Blastoids.

* Boston Journ. Nat. Hist. 18(>3, vii. p. 480.


